A model was developed to predict the temperature dependent changes in the local magnetic ordering based on spin-polarized Mn K-edge measurements of La 1Ϫx Ca x MnO 3 . With this model, one can ascertain the change in local ordering that occurs on transiting the magnetic ordering temperature. Parallel local density approximation ͑LDA͒ and LDAϩU computations are used to label the symmetries of the unoccupied bands, determine the degree of electron correlation and to provide a direct comparison with the band ordering predicted by the temperature dependent spin-polarized measurements. The spin magnetic moment and ordering of the t 2g and e g states are also determined. We find that the occupied t 2g orbitals are always ordered with lobes near 45°t o the local Mn-O directions. The Mn K-edge main line splitting is discussed in terms of the effective spin-polarized charge density. The oxygen hole contribution to the net magnetic moment is seen to be important. We survey the spin-polarized x-ray absorption near-edge spectra of a large group of manganese oxides and show the general trends in the main line spin splitting as a function of valence.
I. INTRODUCTION
Mn K-edge x-ray absorption spectra ͑XAS͒ and x-ray emission spectra have been shown to be valuable in probing the valence and local structure about the Mn sites in manganites. [1] [2] [3] [4] Recently, changes have been observed in the pre-edge spectra with temperature on crossing a magnetic ordering temperature. 5, 6 In addition, a connection between Mn K-edge pre-edge spectra and the Mn 3d band was noted in band structure computations by Elfimov et al. 7 Building on this previous work, we recently developed a model that connects these changes in temperature with change in the local magnetic ordering. 8 Spin-polarized x-ray absorption near edge spectroscopy ͑SPXANES͒ gives a direct approach to resolve the spin dependence of x-ray absorption near-edge spectral ͑XANES͒ features. This approach is based on energy resolving the 3p to 1s transition (K ␤ emission͒ and measuring the emission from the main or satellite lines as a function of incident x-ray energy. The first measurements were performed by Hä-mäläinen et al. 9 on MnO and MnF 2 . Although the statistics were not ideal, these experiments paved the way to measure open-shell 3d elements systems. 6, [9] [10] [11] [12] In this work we expand on the model presented in our previous letter 8 on La 1Ϫx Ca x MnO 3 by including additional doping samples (xϭ0.7) and the details of the main edge spin splitting. The change in magnetic ordering across the entire doping range is thus illustrated and discussed in terms of our transition model ͑Sec. III A͒. To complete this work, we performed comparative band structure computations ͑Sec. III B͒. Using these results we confirm that the pre-edge can be used to predict changes in the local magnetic ordering in the manganites. In addition, comparison of the experimental results with bandstructure models gives insight on the occupancies of the bands in these highly covalent materials. The importance of the oxygen hole contribution to the magnetic moment is seen both in the experimental results and the bandstructure computations.
II. EXPERIMENTAL AND COMPUTATIONAL METHODS
Samples of La 1Ϫx Ca x MnO 3 were prepared as described in Ref. 1 . Measurement samples were prepared by finely grinding the materials and brushing the powder onto adhesive tape.
The Mn SPXANES measurements were performed at the National Synchrotron Light Source's ͑NSLS͒ 27-pole wiggler beamline X21A. Data were collected by monitoring the K ␤ fluorescence yield at two energies ͓specific to spin up ͑the satellite line 6, 24 ͒ and spin down ͑0.5 eV above the main emission line for each Mn valence͔͒ while the incident energy was scanned across the near edge region. Measurements were performed for xϭ0, 0.3, 0.5, and 1 at 15 and 300 K. Spectra for xϭ0.7 and additional Mn systems were recorded only at 300 K. Fluorescent backgrounds and Raman effects were removed 10 and the spectra were normalized to unit area. To access the importance of correlational effects for Mn 3d electrons, we used both local density approximation ͑LDA͒ and LDAϩU methods 13 in our electronic structure computations. The latter is seen as a static limit of the dynamical mean field approach 14 and has been found to work well for many systems. 15 We use the on-site Coulomb parameter Uϭ6 eV and exchange parameter Jϭ0.88 eV in our calculations as implemented in the previous studies. 7, 16 A full potential linear muffin-tin orbital ͑FP-LMTO͒ method of Ref. 17 is used in solving the Kohn-Sham equations where no shape approximations are made either for the charge density or the potential. All relevant quantities are expanded as spherical harmonics inside muffin-tin spheres and as plane waves in the interstitial region. Crystal structural data corresponding to four formula units ͑20 atoms͒ with antiferromagnetic spin alignment were taken from Refs. 18 and 19 for LaMnO 3 ͓A-type antiferromagnetic ͑AF͔͒ and CaMnO 3 ͑G-type AF͒, respectively. A diagram of the structure of LaMnO 3 is given in Fig. 1 . The muffin-tin sphere radii were R La ϭ2.879 a.u., R Mn ϭ2.016 a.u., R O1 ϭ1.702 a.u., and R O2 ϭ1.584 a.u., and the 1 kappa LMTO basis includes 4s, 4p, and 4d orbitals at the La site, 3s, 3p, and 3d orbitals at the Mn site and 2s and 2p orbitals at the O site with tail energy K 2 ϭϪ0.1 Rv. Note that for the projected density of states our coordinate system was rotated by 45°about the b axis, as done by Elimov et al. 7 The computations for the Mn K ␤ fluorescence spectra ͓Fig. 2͑b͔͒ are based on atomic and crystal field theories. In this model, we take account of the effective exchange splitting as well as all possible couplings of the angular moment ͑orbital and spin͒ of all electrons outside of closed shells or holes in filled shells. Additional energy splittings from a cubic crystal field and from 3d spin-orbit coupling are also considered in our calculation. Similar calculation methods have been reported by Peng et al., 20 Wang et al., 21 and de Groot et al. 22 The parameters used in the calculation are the 3 p-3d and 3d-3d Slater integrals, and the 3p as well as 3d spin-orbit couplings. The atomic values for Slater integrals were obtained from Hartree-Fock computations. These values were scaled by a factor of 60% to account for the effects of covalency. 2 The calculated spectral lines were convoluted with a Lorentzian which reflects lifetime broadening and with a Gaussian which accounts for experimental broadening. Absolute energy positions cannot be obtained from these calculations.
III. EXPERIMENTAL RESULTS

A. X-ray emission measurements
Introduction to K ␤ x-ray emission spectroscopy
To address the spectral shape of the Mn K ␤ emission spectra presented here, consider the photoionization excitation of a Mn atom in a solid by a x-ray photon. Since dipole photoexcitation is spin invariant, the creation of a core hole of spin-up or spin-down symmetry ͑relative to the total 3d-band spin͒ are equally likely. In the 3p→1s decay process (K ␤ emission͒, the coupling between the 3p hole ͑or 3p electron spin now left unpaired͒ and the 3d electrons produce two possible final states of different energies. One observes ͑in Mn 3ϩ for example͒ differences in the energy of the coupled spin-down 3p hole ͓⌿(3p(↑)3d 4 )͔ state and spin-up hole state (⌿(3p(↓)3d 4 ). For a fixed incident photon energy ប above the Mn K edge, the K ␤ emission spectrum of photons ប⍀ can be resolved into these two components-a main line (m) and a satellite line (s) ͓Fig. 2͑a͔͒. Qualitatively, it is found that the energy splitting between the main line and satellite is given by ⌬E sm ϭJ(2S ϩ1), while the intensity ratio of the satellite to the main peak is given by I s /I m ϭS/(Sϩ1), where S is the total spin of the unpaired electrons in the 3d shell and J is the exchange integral. 23 Figure 2͑b͒ gives a simulation for an Mn 3ϩ ion ͑such as Mn in LaMnO 3 ). From the measurement ͓Fig. 2͑a͔͒ and the simulation, we can see clearly that the spin-up and spindown lines are well separated. The sum gives excellent agreement with the experiment spectrum in Fig. 2͑a͒ . The K-edge SPXANES were obtained by focusing the analyzer on these two different channels ͑emission energies͒ separately and then scanning the incident x-ray energy across the K edge. The arrows in Fig. 2͑a͒ show the monitor points-one set on the high energy shoulder on the main peak to avoid the tail of the spin up channel.
Observed temperature dependent K-edge SPXANES
in La 1Àx Ca x MnO 3 Figure 3 shows the temperature dependence of the full K-edge SPXANES of La 1Ϫx Ca x MnO 3 . A clear splitting between the spin up and spin down channels is seen. The exchange interaction of the photoelectron with the spin up and spin down densities of states due to the unpaired spin on the Mn sites (3d electrons͒ produces this splitting. Both regions are expanded in Fig. 4 . Figure 4͑a͒ gives the pre-edge region ͑labeled a in Fig. 3͒ of the SPXANES spectra. Significant temperature and spin dependence of the pre-edge spectra are seen. Due to quite low 1s to 3d quadrupole transition intensities, 24 the pre-edge features are expected to have other origins. In our previous work, 8 we developed a model in which these feature are primarily from on site Mn 4p overlap with neighboring Mn 3d. In that simple physical picture, the Mn 1s electron can undergo a transition to final states formed by this hybridization and the intensity are sensitive to the local magnetic ordering.
The connection of the pre-edge region of Mn K-edge spectrum and the d density of states was put on a solid foundation by the LDAϩU band structure calculations of Elfimov et al. 7 In this work, they computed the partial Mn 3d partial density of states ͑DOS͒ and showed that in the low energy region of the 4p partial DOS there was a feature that had the same spin polarization, occurred in the same energy range and had the same distribution as the Mn 3d partial DOS. Further embedded cluster computations have shown explicitly that the pre-edge feature is the result of a transition from 1s to a 4p state hybridized with the neighboring Mn 3d state. 25 In our model, we make the further assumption that the 1s to t 2g transition intensity vanishes. Since the system, La 1Ϫx Ca x MnO 3 , exhibits orbital ordering over a broad range of x, 26 3 . The solid line corresponds to a spin-up electron excited from the 1s state measured at 15 K while the dotted line is used for the 300-K spin-up spectrum. The dashed line corresponds to spin-down electrons excited from 1s at 15 K, while the dashdotted line is used for the 300-K spin-down channel. contribution to the Mn K-edge XAS. LDA computations predict orbital ordering even in the CaMnO 3 end member. 28 This will be seen more clearly in band structure computations ͑Fig. 12͒.
Proposed transition model of magnetic ordering
We now expand on the description of model developed in our previous paper, 8 which is based on these assumptions, which followed the rule of spin conservation ͑without t 2g final states͒. To explain the pre-edge feature, we start with LaMnO 3 which is an A-type antiferromagnet ͑AF͒ ͑see Refs. 29 and 30 for magnetic ordering͒ below T N ϳ130 K. 26 Below T N , each Mn ion is surrounded by four Mn ions ͑through the oxygen͒ with majority spin parallel and two Mn atoms with majority spin anti-parallel to the central Mn majority spin, as shown in Fig. 5͑b͒ . Above T N , each Mn has six Mn neighbors with randomly distributed majority spin direction.
Before moving to a discussion of the details of the preedge transitions we point out the ordering of the d levels. 31 Considering the spin-up channel, the fivefold degenerate atomic 3d(↑) states are split into t 2g (↑) and e g (↑) states by the octahedral symmetry crystal field-with the t 2g states occurring at lower energy. Furthermore, the Mn 3ϩ ion (LaMnO 3 ) with a single electron in the e g (↑) state undergoes a Jahn-Teller distortion splitting the e g (↑) levels. The e g (↑) and t 2g (↑) are further broadened into bands by combining the atoms to form a solid. Consequently, the first completely empty d state will be an e g (↑) state. This state will be followed by t 2g (↓) and e g (↓) states. LDAϩU band structure computations below show that O 2p(↑) states occur near the e g (↑) bands. These ideas are used to construct the transition diagram for the pre-edge features. Figure 6 shows the transition model for pre-edge feature, which is based on dipole transitions ͑Mn 4p hybridized with neighbor Mn e g ). Three boxes are defined by dashed lines, the central absorbing Mn site is represented as the lower one, defined as majority spin-up ͑↑͒. The upper left box corresponds to a neighboring Mn site with majority spin-up ͑↑͒. We marked the upper right box as a neighboring Mn site with majority spin-down ͑↓͒ since its spin is antiparallel to absorber's. Here, we assume that the energy levels are the same for both neighbors. From the lower box, Mn 1s(↑) an electron can make a transition to an e g (↑) orbital of the neighbor Mn͑↑͒ ͑in left upper box͒ with the same spin alignment, ͑density of states computations shown below reveal holes in the majority e g 1 band due to covalency͒, and also it can be excited to a local minority spin orbitals e g (↑) of the neighboring Mn͑↓͒ ͑in right upper box͒ according to spin conversation. Notice in the case of the Mn͑↓͒ neighbor, the local majority spin e g orbital is labeled as e g (↓), as shown in the right upper box in Fig. 6 . Evidence of O 2p holes in LaMnO 3 was found in optical measurements by Ju et al. 32 as well as in our LDA calculation. That is why we need to include O 2p spin-up channel transition in Fig. 6 , in which, O 2p is hybridized with the Mn 4p states. This assumption also matched our pre-edge feature for later discussion. In Fig. 6 , note that the labels a1, a2, and a3 refer to pre-edge a features in Fig. 4͑a͒ , long solid arrows correspond to the spin-up transition channels, while dashed ones give the spindown transition channels. Now let us turn to the temperature dependence of our pre-edge SPXANES. For comparison with bandstructure computations and to illustrate the use of the model, we give a more complete discussion and cover a broader range of samples.
LaMnO 3 is an A-type AF at 15 K, and is paramagnetic at 300 K. On crossing T N , from low temperature to high temperature, the Mn majority spins alignment will change to a random distribution-meaning that the number of ferromagnetically aligned Mn neighbors changes from four to an average of three. This must enhance the transitions in the antiparallel channel shown in Fig. 6 ͑upper right͒ and reduce those in parallel channel of Fig. 6 ͑upper left͒. Then, the a1 and a2 intensities should decrease, while the a3 intensity should increase in the spin-up absorption channel, where the level of the locally spin down e g minority is higher than that of the spin-up majority ͑see theoretical calculations below͒. The temperature dependence of the spin down channel is expected to be reversed since the process is reversed. This is exactly what we had seen in Fig. 4͑a͒ , despite the broadness of the a3 feature in high background. Note there is a shift between the spin up and spin down spectra in all pre-edge spectra. This shift may come from the difference between the 1s excitation energies for spin up and spin down. From our calculations below, the large a1 feature for xϭ0 in the spin up channel is due to transitions to O 2p ͑near the Fermi energy͒. The suppression of the temperature difference in the spin up a1 region is due to an increase in holes on the O 2p band due to increased covalency at low temperature. 6 For xϭ0.3, the system is ferromagnetic at low temperature ͓T C ϳ250 K ͑Ref. 26͔͒. It is expected to have similar trends to the parent LaMnO 3 which is locally partially ferromagnetic ͑four spins up and two down with respect to the central Mn site͒ at low temperature. But due to its metallic property, there is delocalization (e g 1 becomes accessible for transition͒ of the majority spin e g 1 electron ͑seen as an increase in conductivity͒-the a1 feature increases at low temperature. Also, an increase of O 2p holes due to increased covalency at low temperature 6 further enhances this a1 feature. For the spin down channel, a1 and a2 features are expected to decrease at low temperature. However, no strong reduction is seen. This observation is not easy to reconcile with the results of neutron diffraction refinements. But diffraction provides a picture of the long range ferromagnetic ordering, while our measurements give a local picture. These spin down intensity features at low temperature which are due to antiparallel neighbors existing below T c possibly due to the FM and AF phase separation suggested initially by Wollan and Koehler 33 and more recently by Moreo et al. 34 In xϭ0.5 system at low temperature, each Mn ion has four neighboring Mn ions with antiparallel spin and two neighbors with parallel spin exhibits. It belongs to C-type AF order ͓below T N ϳ150 K ͑Ref. 26͔͒. From our model, it is expected that the temperature dependence should be reversed compared to the xϭ0 system. At low temperature ͓below T co ϳ150 KϭT N ͑Ref. 26͔͒, O 2p holes are delocalized due to reduced covalency at low temperature. 6 On the other hand, the majority spin e g 1 electrons are localized as seen from the observed increase in resistivity at low temperature. 35 Hence, at low temperature, the a1 feature is reduced as observed in accordance with our model. The similarity of the 300-K spectra of the xϭ0.5 and 0.7 systems are due to the equivalent random ordering of the Mn moments.
The end member system CaMnO 3 is thought to be a G-type AF at low temperature ͓T N ϳ125 K ͑Ref. 26͔͒, where each Mn ion has six antiparallel Mn neighbors. The large a1 spin up peak is from transitions to unoccupied O 2p(↑) states. Ferromagnetic ordering of CaMnO 3 produces a split O 2p band near the Fermi level which will be shown below. It is possible that CaMnO 3 is a two-phase material composed of FM and G-AF ͑domains͒ regions. Indeed it is known that CaMnO 3 has a small net magnetization, 36 which has previously been attributed to defects. In the a1 peak at 15 K the low intensity is due to a reduction in the covalency of CaMnO 3 below T N . 6 No transition to O 2p(↓) is observed in the a1 region in spin down spectra consistent with our band structure calculation ͑which shows no O 2p(↓) density just above Fermi level͒. The low temperature a2 peak in the spin up spectrum can be explained as the result of Mn sites within the FM ordered regions ͑discussed above͒. The temperature dependent behavior of CaMnO 3 with the exception of the a1 feature is expected to be similar to that of xϭ0.5 system and this is what is observed. Figure 7 presents the LDAϩU and LDA density of states calculations for Mn 3d band of LaMnO 3 . In the top panel the orbitals, spin up e g1 , and e g2 all have intensity above E f . Hence the spin up e g1 is not full occupied-unexpected for an ionic system. Note that the spin down e g orbitals are 5-6 eV higher than the spin up orbitals. We also list the t 2g states in panel ͑b͒, and total 3d band for the LDAϩU and LDA in panels ͑c͒ and ͑d͒, respectively, for comparison. It is clear that the on site Coulomb interaction U makes the spin up and spin down band splitting much larger. By comparison, no unoccupied band occurs 4 eV above E f in the LDA computation. In addition, the gap at E f is significantly reduced in the LDA computation. The consistency of the LDAϩU with the strong insulating behavior of the materials shows that LaMnO 3 is highly correlated. In Fig. 8 we show the LDAϩU and LDA calculation for type-II O 2p ͑in the a-c plane͒ partial DOS. We see that in Fig. 8͑a͒ there is a spin-up density 1-2 eV above E f in LDAϩU, but no spin down density in this range. These results agree with our model in which we observe transitions to the spin-up O 2p channel but not to the spin down channel. In the LDA calculation in Fig. 8͑b͒ , there are both spin up and spin down intensity at 1-2 eV above E f , which disagrees with our experimental results on LaMnO 3 . We note that the type-II O is spin polarized and has a net magnetic moment due to the fact that, unlike O I on the b axis, the Mn-O-Mn chain is not symmetric ͑both MnuO bonds are not equal͒.
B. Comparison of experimental SPXANES with LDAÕLDA¿U band structure computations
Band structure computations
In Fig. 9 , we show the LDAϩU and LDA calculations for G-type CaMnO 3 . The difference between the LDAϩU and LDA calculations is the spin up and spin down splitting. In the LDA computation, the e g spin-down state is only 2.5 eV above the e g spin-up states, which agree with a2-a3 splitting in Fig. 4 . Figure 10 gives the LDAϩU results of the type-II O 2p DOS of G-AF type CaMnO 3 . It is seen that there is density both in the spin up and spin down states just above E f . This means that in G-AF there is no spin polarization of the O 2p band. This is inconsistent with our model interpretation above, which shows intensity only in the spin up channel for the a1 feature. Hence, one must consider the possibility of local FM ordering in CaMnO 3 . In Fig. 11 , which gives results for FM ordered CaMnO 3 in the LDA ϩU approximation, we can see the spin-up intensity in the type-II O 2p just above E f , but not in the spin-down state. Based on our discussion, we think that CaMnO 3 is a G-type FIG. 7 . LDAϩU and LDA partial DOS's of Mn 3d in LaMnO 3 . For a given set of states, the upper panels refer to the majority spin and the lower half refer to the minority spin. In ͑a͒ we give the Mn 3d e g orbitals. The thick line is for the e g1 state while the thin line gives the e g2 state. In ͑b͒ we give the Mn 3d t 2g orbitals while in ͑c͒ and ͑d͒ we show the total LDAϩU Mn 3d band and LDA Mn 3d band, respectively. 3 . ͑a͒ Note that there is no difference between the e g1 and e g2 orbitals due to the absence of a Jahn-Teller distortion. In ͑b͒ we give the Mn 3d t 2g orbitals, while in ͑c͒ and ͑d͒ we show the total LDAϩU Mn 3d band and LDA Mn 3d band, respectively.
AF mixed with a small component of FM ordered regionsconsistent with the observation of a net magnetic moment. 36 This conclusion is quite consistent with our SPXANES.
In Fig. 12 we show the net spin density ͑spin-up charge density minus spin down charge density͒ of LaMnO 3 and CaMnO 3 in the a-c plane ͑010͒ for AF ordering as well as for FM ordering. Note that in all figures there is clear t 2g ordering at ϳ45°to the local MnuO bond directions. For LaMnO 3 ͓Figs. 12͑b͒ and 12͑d͔͒, note the net spin on the O II site between the Mn ions. In the case of CaMnO 3 , it is observed that only in the FM case is there a net spin density on the O II site. The e g states in LaMnO 3 are ordered in both the AF state and FM states. This suggests that an orbitally (e g ) ordered and insulating FM state exists for LaMnO 3 as in the case of BiMnO 3 . 37 The point to note here is that in LaMnO 3 and possibly La 1Ϫx Ca x MnO 3 the net magnetic moment observed is not entirely due to the Mn site but there is a significant contribution from the O II sites. In the bandstructure computation we have found a contribution of approximately ϳ0.1 B per O II site ͑there are two O II per Mn͒. We note that in a cubic lattice LaMnO 3 looses the ordering of the e g electrons making possible a metallic state. Figure 13 shows the Mn 4p density of states based on LDAϩU and LDA calculations for LaMnO 3 . Roughly speaking, there is not much difference in the shape of the features between these two calculations except for the absolute energy positions. But in detail, it suggests that the spatial and spin-polarized spectral splittings are a little different. The LDAϩU splitting is larger than the LDA splitting. The most important feature in common is that the majority spin DOS is at lower energy ͑ϳ2 eV͒ in comparison with the minority spin DOS due to exchange potential. In addition the DOS spatially polarized along the short bond direction has the highest energy while that polarized along the long bond direction has the lowest energy. The LDA simulations are consistent with spatially polarized XANES calculations. 38 In Fig. 14 we show the partial DOS of the Mn 4p band of CaMnO 3 in the LDAϩU and LDA simulations. The main result is a spin-up feature at low energy. That is consistent with our SPXANES at the main edge in Fig. 4͑b͒ . Due to lower local distortion, we cannot see the spatial splitting observed for LaMnO 3 . ͑We note that for LaMnO 3 the MnuO bond distances in the MnO 6 octahedra 39 are 1.968, 1.907, and 2.178 Å, while for CaMnO 3 the values are 1.895, 1.900, and 1.903 Å.
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͒ The difference between these two simulations is that LDAϩU gives a large splitting ͑3 eV͒ between the different spin channels compared to the LDA case ͑2 eV͒. Inspecting the experimental SPXANES, we see that the LDA simulation is a little better than the LDAϩU simulation, suggesting that CaMnO 3 has weaker electron correlations than LaMnO 3 .
C. General trends in SPXANES measurements of Mn systems
We give the SPXANES spectra for a broad range of Mn systems measured at room temperature ͑Fig. 15͒ to show the general trends. The solid line is the spin-down channel and dotted line the spin-up channel. The splitting at the main edge is quite clear as we expected due to the spin dependent exchange potential in Mn systems with unpaired d electrons. The primary observation above the pre-edge is the spin splitting of the main line. We note that the spin-up channel has a larger Lorentz broadening than the spin-down channel, 40 and this accounts for most of the major differences in resolution in the pre-edge. In Fig. 16 we expand the pre-edge region a of Fig. 15 . It is interesting to compare the spectra of MnF 2 and MnO ͓both d 5 (↑)]. For the spin-down channel a large feature is seen in the pre-edge of MnO compared to a small bump in the MnF 2 spectrum. The difference between these Mn 2ϩ systems is the covalency. Both systems have weak quadrupole allowed 1s to 3d transitions. But in the case of strongly covalent MnO, there are addition transitions corresponding to the 1s to 4p ͑with the 4p hybridized with the neighboring Mn e g orbitals͒. These latter transitions are highly allowed in covalent systems ͑based on the hybridization͒ but are not expected in ionic systems ͑where only weak quadrupole transitions contribute 24 ͒. The MnF 2 spin up pre-edge is flat ͓since the 3d(↑) band is full͔. The same spectrum for MnO 
IV. SUMMARY
A systematic study of spin dependent Mn K-edge x-ray absorption spectra was performed on La 1Ϫx Ca x MnO 3 and other Mn oxide systems. We expanded on this idea of 4p-3d overlap suggested by Elfimov et al. 7 and explored the details of our recently developed model of spin-polarized XANES spectra to understand the local magnetic ordering. Parallel LDA and LDAϩU computations are used to label the symmetries of the unoccupied bands, to determine the degree of correlation, and to provide a direct comparison with the band ordering predicted by the temperature dependent spinpolarized measurements. The spin magnetic moment and ordering of the t 2g and e g states is also determined. We find that the occupied t 2g orbitals are always ordered with lobes near 45°to the local Mn-O directions. The Mn K-edge main line splitting is discussed in terms of the effective spinpolarized charge density in the spin-up and spin-down channels. We survey the spin-polarized XANES spectra, showing the general trends in the main line spin splitting and pre-edge intensities and their relationships with covalency.
